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The purpose of this paper is to conduct a review of how household energy consumption and carbon emissions (HECCE) modelling
paradigms have evolved over the years. This is achieved by adopting the literature review methodology for the study. The paper ﬁrst
reviewed the previous studies that are serving as the theoretical framework underpinning the HECCE models. Further to this, the paper
identiﬁed an array of energy models that have evolved over the years together with their capability of analysing energy consumption and
their associated carbon emission trends in housing sector of the economy. The results of the study showed that econometric (mainly
top-down), building physics, and statistical (mainly bottom-up) methods are the existing approaches that have found application in mod-
elling HECCE issues. However, a number of limitations were noticed in these existing modelling techniques. These are (1) lack of trans-
parency in the model algorithms, (2) inability to account for the complex, interdependencies, and dynamic nature of the issue of energy
consumption and carbon emissions, (3) limited evidence to show for the occupants–dwelling interactions, and (4) lack of enough capacity
to accommodate qualitative data input. And as such, the study concluded that there is the need to scout for more robust and sophisti-
cated modelling approaches that take into consideration the kind of complexity involved in issues relating to HECCE.
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There is a general consensus within the research commu-
nity regarding the threat of global warming as a result of
climate change that this eﬀect will increase due to a rise
in greenhouse gases emitted into the atmosphere because
of proﬂigate use of fossil fuels (Harris, 2012; IPCC,
2007). Majorly, the greenhouse gases include carbon diox-
ide (CO2), methane (CH4), hydroﬂuorocarbons (HFCs),
nitrous oxide (N2O), perﬂuorocarbons (PFCs), and sulphur
hexaﬂuoride (SF6). The contribution of each of these emis-
sions to climate change in the form of global warming var-
ies considerably. However, carbon dioxide emission is
adjudged to be the most worrying of these gases as its levels
in the atmosphere are rising so very quickly (Terry, 2011).
Obviously, if the concentration of carbon emissions is
allowed to continue to grow unabated, it will undoubtedly
have substantial repercussions politically and socio-
economically (Johnston, 2003). It is therefore a general
consensus reached within the world’s governments to
signiﬁcantly reduce what the carbon emissions will be in
this 21st century. This is reﬂected in the Rio summit of
1992 where the United Nations Framework Convention
on Climate Change (UNFCCC) was signed committing
developed nations to signiﬁcantly reduce their carbon emis-
sion proﬁles (Kashyap et al., 2003). Subsequently, there
was a series of follow ups regarding the UNFCCC agree-
ment of 1992 and ratiﬁed in 1993. For example, the World
Climate Conference of 1997 in Kyoto, Japan and that of
Copenhagen summit in 2009. At Kyoto conference, a leg-
ally binding agreement was reached to cut the emissions.
Among the developed countries committed to signiﬁcantly
reduce their carbon emission proﬁle is the UK. And as
such, the UK has since then followed the path aiming at
reducing its carbon footprints. In this regard, the housing
sector in the UK contributes substantially to the UK’s total
carbon emissions, which in this case is about 26% of UK’s
total emissions (Natarajan et al., 2011). Since then reduc-
tions in energy consumption within the housing sector
has been a target and a number of models have evolvedto analyse and project the future trends of energy consump-
tion and carbon emission proﬁles. The purpose of this
paper, therefore, is to carry out a critical review of energy
consumption and carbon emission models as used in the
housing sector.
2. The theoretical framework of household energy
consumption and carbon emissions
In energy studies literature, there has been a superﬂuity
of frameworks serving as the theoretical knowledge-base
to conceptualise HECCE and these have contributed in
no small measure to the tools for the analysis and policy
formulation regarding HECCE. Keirstead (2006) argues
that this framework falls within two domains – disci-
plinary and integrated domains. In his submission, he
argues that for years “disciplinary” framework has been
the dominant guiding approach for policy makers. For
example, the frameworks developed from either engineer-
ing or economic perspective have been the dominant
framework shaping energy policies for years. He then sub-
mits that this kind of approach may not be suitable to
capture the kind of complex problems plaguing energy
sector now and hence the limitation of the disciplinary
approach.
In yet another study, Natarajan et al. (2011) also
acknowledge the limitation of purely disciplinary
approaches to analysis of HECCE which reﬂects in their
inability to give a proper explanation to the disjunction
between actual and predicted HECCE. In an attempt to
work round these limitations and improve on the concep-
tual framework of HECCE, a limited number of literatures
have identiﬁed alternative means to capture energy issues
by introducing “integrated” framework that cuts across
many disciplines. The framework uses interdisciplinary
approach to capture interactions between the complex
technology, society, economics, culture and a host of
others. The following sub-sections then review literature
along the direction of the two aforementioned approaches
together with some empirical studies previously conducted.
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Over the years, studies relating to HECCE have been
championed principally by four major disciplines with each
discipline illustrating its own approach/framework for
solving HECCE problems. These disciplines are engineer-
ing, economics, psychology, and sociology and anthropol-
ogy. Engineering framework, for example, illustrates
mainly the technology of HECCE by estimating HECCE
based on the physical laws with little or no attention to eco-
nomic, sociology, or even behavioural aspects of HECCE.
This shows the limitation in this type of framework for
their inability to capture a web of interactions between dif-
ferent disciplines. For example, the studies of Anderson
(1985) illustrate framework for energy consumption of
heating based on heat transfer method; Stokes et al.
(2004) give the framework for domestic energy demand;
Hart and de Dear (2004) provide the framework for
weather sensitivities regarding household appliance use,
and the host of other studies. The point here is that beha-
vioural responses to technical improvements of HECCE
(Keirstead, 2006), for example, are quite beyond the ambit
of any purely engineering framework and this may then
portend to mean that such engineering framework might
be inadequate.
Further, the economic framework as one of the disci-
plinary frameworks conceptualises HECCE when it comes
to understanding HECCE due to the eﬀects of income
levels, energy prices and taxes, etc (Ruﬀell, 1977; Baker,
1991; Greening, 1995; Ironmonger et al., 1995). As a social
science based framework, however, it introduces some
behavioural aspects. Interestingly, Wheelock and
Oughton (1994) argue based on the available evidence that
the concept depicted by economic approach is not complete
in aiding the understanding of HECCE. To this end,
Lutzenhiser and Hackett (1993) submit that the combina-
tion of the approaches as provided by both the engineering
and economic theories forms the physical – technical – eco-
nomic framework of HECCE which, undoubtedly, immen-
sely helped in shaping energy policies around the globe.
This feat achieved was grossly criticised for its inability
to properly account for the human behavioural aspect of
HECCE in the framework.
It is against this background that the studies in the area
of psychology took up this challenge and contribute to the
understanding of household energy consumption beha-
viour. Notably in this circle is the Theory of Planned Beha-
viours (TPB) of Ajzen (1985) and Ajzen (1991), which
immensely contributed to the behavioural aspect of
HECCE by serving as theoretical knowledge-base to many
studies. However, the TPB framework cannot be used as a
standalone framework for explaining HECCE because the
theory only used personal constructs like attitudes and
beliefs without any recourse to other aspects like social
and cultural contexts. This then led to studies in the ﬁeld
of sociology and anthropology in a bid to conceptualise
energy and society.Reﬂecting on all these approaches, it is evident that they
are unlikely to capture the kind of complex problems
plaguing the energy sector now and hence the need for a
more robust approach capable of integrating a number of
disciplinary approaches together. It is on the basis of this
that a small number of literatures suggest “integrated”
frameworks that cut across many disciplines.
2.2. Integrated framework
The argument from the foregoing reinforces the need for
a more robust interdisciplinary framework to conceptualise
the HECCE. This then led to a combination of diﬀerent
disciplines to conceptualise the issue of HECCE in order
to aid a better understanding of energy issues and proﬀer
adequate solutions. In this regard, a number of “inte-
grated” frameworks have, therefore, been used to concep-
tualise the HECCE. Among those studies is the work of
Van Raaij and Verhallen (1983), which provides a novel
approach to conceptualising energy behaviour. His frame-
work made use of both the physical parameters of dwell-
ings and behavioural characteristics of households. While
this work has been continually cited by many studies in
the area of consumer behaviour and economic psychology,
the framework is yet to be fully developed into simulation
model by both the researchers and industry practitioners.
Further to the work of Van Raaij and Verhallen (1983),
the research of Lutzenhiser (1992) proposes a cultural
framework of HECCE by conducting a survey of existing
approaches in the ﬁelds of engineering, economics, psy-
chology, and sociology and anthropology. The framework
highlights how the householders (“consumers”) make some
decisions regarding their choices that are “culturally sensi-
ble” and “collectively sanctioned” containing engineering
and economic aspects as sub-systems in the framework.
However, the framework remains a theoretical framework
without any further work to turn the idea into simulation
models.
Another study by Hitchcock (1993) uses the systems
theory to provide an integrated framework of energy
use and behaviour in dwellings. He argues that the
energy consumption patterns in dwellings need to be fully
understood from the systems perspective because of the
complexity involved in integrating both the technical
and social phenomena together. He further contends that
while the engineering models used in capturing the
physical processes of dwellings and their eﬀects on energy
consumption do give a better understanding of the
physical characteristics of dwellings; they, however, fail
to capture the eﬀects of human aspect on dwellings.
Additionally, he contends that the social models are used
in capturing the human aspect eﬀects and as such, can
inﬂuence energy consumption in dwellings. The study
used the concept of socio-technical systems to conceptu-
alise HECCE and came up with a framework. Yet, no
modelling technique was proposed to capture these
socio-technical systems.
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Figure 1. Top-down and bottom-up modelling approaches (Adapted from IEA (1998).
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hold energy consumption models produced by diﬀerent
researchers and it is important to review the epistemologi-
cal foundation of these models as presented in the next
section.
3. The epistemology of household energy consumption and
co2 emission models
This section of the paper provides a review of the under-
lying approaches to modelling issues relating to HECCE in
the domestic sector of economy. It is, however, worthy to
acknowledge that the review here serves as an extension
and updated version of previous researchers like
Bo¨hringer and Rutherford (2008), Strachan and Kannan
(2008), Tuladhar et al. (2009), Swan and Ugursal (2009),
and Kavgic et al. (2010).
For decades now there have been a number of studies on
modelling approaches/techniques to capture domesticenergy consumption especially at the national level.
Johnston (2003) and Kavgic et al. (2010) argue that these
approaches/techniques vary tremendously in terms of
requirements, assumptions made, and the predictive abili-
ties of the models. Within the energy studies research circle,
it is overwhelmingly agreed that there are basically two
epistemic approaches to modelling domestic energy con-
sumption and the resulting CO2 emissions. According to
the IEA (1998), these approaches are either top-down
approach or bottom-up approach. Interestingly, both
Kelly (2011) and Kavgic et al. (2010) acknowledge the
recent advances in the development of another modelling
approach paradigm derived from both top-down and
bottom-up approaches. This development has then seen
some cases where a hybrid of the two approaches has been
made in order to develop more robust models as suggested
by Kelly (2011). IEA, 1998) provides the main epistemolog-
ical approach to both the top-down and bottom-up tech-
niques of energy models as illustrated in Fig. 1.
M.G. Oladokun, I.A. Odesola / International Journal of Sustainable Built Environment 4 (2015) 231–247 235Basically, the perspective to top-down modelling
approach is quite diﬀerent from that of bottom-up
approach as it starts with aggregate data and then disaggre-
gates these down as far as possible in a bid to provide a
comprehensive model. Johnston (2003) subsumes that the
top-down approach gives a comprehensive approach to
modelling and therefore possesses the ability of aiding a
high level government’s policy and scheme decisions. Con-
versely, bottom-up approach begins with highly disaggre-
gated data and end up aggregating them up as far as
possible. Bottom-up models are seen as incomprehensive
when compared to top-down models. This is mainly due
to the methodological foundation of the bottom-up
approach that models a part/unit of the system under con-
sideration at a time and then aggregates this in a way to
provide same information as top-down approach. While
it is unarguably true that the two approaches of
top-down and bottom-up represent the two main alterna-
tives to modelling energy consumption and carbon emis-
sions in the domestic sector of economy, Johnston (2003)
submits that both of them share a degree of commonality.
These, according to him, are that (1) they possess the capa-
bility to operate at the same level of disaggregation, and (2)
they both use the same information, but in diﬀerent ways.
The following further discusses issues regarding the
top-down and bottom-up energy models.
3.1. Energy and carbon dioxide modelling using the top-down
approach
As argued above, the top-down modelling approach is a
method that is based on aggregate data and works well at
an aggregated level. The approach focusses majorly on the
relationships between the energy sector and the large scale
economy. Generally, top-down modelling approach works
in predicting future by ﬁtting the historical time series data
on energy and carbon emissions to macroeconomic vari-
ables using econometric and multiple regression methods.
These are capable of explaining the variance between
dependent and independent covariates (Kelly, 2011;
Johnston, 2003). Data normally used for the development
of such econometric top-down models include fuel prices,
gross domestic product, income, average dwelling
eﬃciency.
Within the energy studies research circle, the economet-
ric top-down modelling approach has received quite a
degree of criticisms recently. Among the criticisms is in
its lack of ﬂexibility in using and incorporating details
regarding current and future technological improvement
complete with other variables adjudged to inﬂuence energy
consumption and carbon emissions, as against using only
the macroeconomic trends and relationships previously
observed (MIT, 1997). The argument of Kelly (2011) fol-
lows the line of thought of MIT (1997) when he criticises
the approach. He argues that the models from this
approach lack details on how best to incorporate the
changes in environmental, social and economic dimensionsshould there be any in them as a result of the challenge of
climate change around the globe as being witnessed at the
moment. The approach has also been criticised for its fail-
ure to consider, more importantly, the socio-technical and
behavioural aspects of energy consumption and carbon
emissions at the disaggregated level of the household. As
previously mentioned under Section 2.2, Hitchcock (1993)
contends that the issue of energy consumption and carbon
emissions is to be viewed as a complex technical and social
phenomenon that can be studied simultaneously from the
perspectives of engineering and social science.
In the domestic energy sector, top-down modelling
approach has been extensively used and implemented for
several household energy consumption and carbon emis-
sion models. For example, the model developed by Hirst
et al. (1977) to explore the residential energy uses sensitivity
to demographic, economic, and technological factors. The
model they developed is found to be sensitive to major
demographic and economic variables that continually need
updating annually in a bid to improve the output quality.
Similarly, Haas and Schipper (1998) used the top-down
modelling approach for their study that evaluates the role
of eﬃciency improvements on residential energy demand.
The results of their study suggest a non-elastic response
to energy consumption due to irreversible improvements
in technical eﬃciency.
In yet another study by FitzGerald et al. (2002), a whole
economy top-down model for energy demand in Ireland
was developed. The output of the model suggests that
between 1960 and 2001, electricity demand in the study
area increased annually by up to 5% per annum (pa), while
within the same period the non-electricity demand wit-
nessed an increase of 1.2% pa. In their model, the eﬀect
of cost on energy demand was only considered with no
recourse to other important variables aﬀecting electricity
consumption.
Further to the above, the work of Summerﬁeld et al.
(2010) applies a simple top-down approach, based on mul-
tiple regression analysis, to model the annual delivered
energy price and temperature (ADEPT). This ADEPT
model gives annual household energy consumption in the
UK since 1970. Lee and Yao (2013) argue that the strength
of the model lies in its ability to appropriately predict over-
all household energy consumption. However, the model
was criticised for its inappropriateness for short term over-
all predictions. Summing up all these limitations, Swan and
Ugursal (2009) submit that the top-down approach may
not be suitable in identifying the key areas for improve-
ments regarding the demand side of energy consumption
at household level.
3.2. Energy and carbon dioxide modelling using the bottom-
up approach
The bottom-up approach to modelling has been identi-
ﬁed to consist of models that apply a disaggregated
approach to model energy consumption and carbon
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(Mhalas et al., 2013; Hoogwijk et al., 2008). Shorrock
and Dunster (1997) and Johnston (2003) argue that the
data input required for these kinds of models are heavily
reliant on extensive databases of quantitative data of phys-
ically measurable variables like the energy eﬃciency of hot
water system, dwellings’ fabric insulation in terms of ther-
mal performance, and the likes. They further contend that
these quantitative disaggregated data together with some
other information are then used in modelling energy con-
sumption and carbon emission units like individual dwell-
ings, groups of dwellings, or households. Energy
consumption and carbon emissions from these units are
then extrapolated to sectorial, regional or national levels
in a bid to aggregate the consumption and emissions as
the case may be.
Premise on the fact that these models vary considerably
in terms of structure and type of data input required, quite
a number of researchers (Lee and Yao, 2013; Mhalas et al.
2013; Kelly, 2011; Kavgic et al., 2010; Swan and Ugursal,
2009; Johnston, 2003) acknowledge that there are basically
two major epistemic methods that have previously used for
bottom-up models. These methods are categorised as
statistics and building physics methods. However, Kavgic
et al. (2010) explore the case of mixing both the statistical
and building physics approaches to form a more robust
and highly sophisticated hybrid bottom-up modelling
method. A typical example of this approach is evidenced
in the Canadian Hybrid Residential End-use Energy and
Emission Model (CHREM) as reported in Swan et al.
(2008).
3.2.1. Statistical methods
Within the energy and carbon emission modelling
domain, the statistical modelling methods of bottom-up
approach have been extensively explored by diﬀerent
researchers. They have used these modelling methods to
generate quite a number of models relating to energy con-
sumption as a function of household characteristics for
example. The main driver of this has been attributed to
the ease of mapping energy billing data of householders
to household characteristics as collected and made avail-
able by energy suppliers through the use of statistics. How-
ever, these data may not be readily available to public
because of the sensitive information of householders con-
tained therein. Swan and Ugursal (2009) identiﬁed three
major and well-documented methods that have been used
over the years by diﬀerent researches. These methods
include regression analysis (RA), conditional demand anal-
ysis (CDA), and neural network (NN).
The RA carries out the analyses of energy consumption
and carbon emissions and regresses these on the variables
and parameters of interest that are identiﬁed to inﬂuence
them (Fung, 2003). The models so developed are assessed
and evaluated based on some criteria like goodness of ﬁt.
The variables or parameters that are found to contribute
insigniﬁcantly are removed from the models. In the caseof CDA however, the method bases its analysis on regress-
ing household energy consumption on available end-use
appliances in the household. The main strength of this
approach as argued by Swan and Ugursal (2009) is based
on the ease of obtaining relevant information required
for the model. This may mean conducting a simple survey
of occupants’ appliances and map these with energy billing
information as collected from the energy suppliers. How-
ever, data from many occupants (running into thousands)
may be required in order for the model to yield reliable
results. The NN method is based on a simpliﬁed mathemat-
ical model.
Statistical techniques (RA, CDA and NN) have been
extensively used within the energy studies research domain,
especially at the level of household. For example, Tonn and
White (1988) used RA method to develop models of elec-
tricity use associated with space heating, appliances and
lighting, wood use, and indoor temperature, in which
household characteristics played a major role in the models
produced. In yet another research conducted by Douthitt
(1989) in Canada, the RA approach was used to develop
a model of household space heating fuel consumption
based on historic fuel price, substitute fuel price, total fuel
consumption, and a vector of building structure, climatic,
and occupants’ characteristics. The study of Kavousian
et al. (2012) uses RA method to analyse large data sets
regarding household electricity consumption to derive
insights for policy makers on eﬀectiveness of energy eﬃ-
ciency measures.
Further to the above studies that utilised the RA
approach, another set of studies attempted the use of
CDA approach to create bottom-up models regarding
household energy consumption. Among those studies are
the works of Parti and Parti (1980), Aigner et al. (1984),
Caves et al. (1987), Goldfarb and Huss (1988), Hsiao
et al. (1995), Lins et al. (2002), Aydinalp et al. (2003),
and Swan and Ugursal (2009). The usage of NN method
to model HECCE has been limited. Swan and Ugursal
(2009) attribute this to high computational and data
requirements of the approach. However, some studies have
utilised the approach like Issa et al., 2001), Aydinalp et al.
(2002), Mihalakakou et al. (2002), Aydinalp et al. (2004),
and Yang et al. (2005).
3.2.2. Building physics methods
The building physics technique of bottom-up modelling
approach is recognised as the only modelling technique
that does not rely on historical data relating to energy con-
sumption in order to fully develop the energy consumption
and carbon emission models at the level of individual
dwellings or households (Swan and Ugursal, 2009). The
models produced here are developed based on physical
characteristics of the dwellings. Therefore, it needs to be
emphasised that the energy computation of this technique
requires quantitative data on physically measurable vari-
ables (Shorrock and Dunster, 1997; Johnston, 2003) like
information on dwellings’ fabric insulation, eﬃciency of
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and heating patterns, external temperatures, ventilation
rates, and the host of others (Mhalas et al., 2013). To this
extent, Wilson and Swisher (1993) argue that modellers
employing the building physics method in estimating dwell-
ings or households’ energy consumption immensely beneﬁt
from a combination of dwellings’ physically measurable
data and empirical data from national database including
house condition surveys. According to Swan and Ugursal
(2009), three major methods of analysis of energy con-
sumption and carbon emissions based on building physics
approach have evolved over the years. These methods are
termed: distributions, archetypes, and sample methods.
In the distributions method, appliance ownership distri-
butions of diﬀerent households or dwellings within the
housing stock are mapped to the ratings of those appli-
ances in order to estimate the likely energy consumption
and the resultant carbon emissions based on end-uses of
those households or dwellings. The regional or national
energy consumption and carbon emissions can then be esti-
mated by aggregating appliance consumption for each
household or dwelling as the case may be. Archetypes
method on the other hand bases its estimation of energy
consumption and carbon emissions on the housing stock
classiﬁcation according to dwelling type, size, age, or even
tenure. The consumption and emissions for each dwelling
type representative, for example, are therefore scaled up
and then aggregated to form the regional or national
energy consumption and carbon emissions. For sample
method, the approach models regional or national energy
consumption and carbon emissions based on the actual
sample dwelling data collected and serves as the input to
the model. Here, the methodology ﬁrmed up for the sam-
pling exercise is rigorous and scientiﬁcally proven to be
the true representative of the population as adopted in
English or Scottish house condition survey for example.
By following this method, the consumption and emissions
of a diﬀerent variety of dwelling types are accounted for
and form the basis for the modelling, which again are
aggregated to form the regional or national estimate.
There are quite a number of studies that have applied
these diﬀerent building physics techniques (distributions,
archetypes, or sample) of bottom-up modelling approach
to model energy consumption and carbon emissions of
the housing stock. For example, the distributions technique
has been utilised by both the developing and developed
nations to estimate the regional or national energy con-
sumption and/or carbon emissions of their respective
nations. The study of Saidur et al. (2007) applied distribu-
tions method of appliance ownership to model a non-space
heating household energy in Malaysia. The output of the
model generates the annual energy consumption for the
nation. In yet another study in India, Kadian et al.
(2007) developed a model of energy-related emissions for
households in Delhi by combining the distributions and
micro-level data sources. For household energy in Italy,
the study of Capaso et al. (1994) utilised the applianceuse proﬁle of householders based on the distributions tech-
nique to generate an outlook of energy consumption for
the entire housing stock. The model combined the data
of householders’ lifestyle and engineering data of diﬀerent
types of appliances as input for the model. Similarly, the
work of Jaccard and Baille (1996) in Canada demonstrates
the application of distributions method to model carbon
emission reduction cost of householders based on appli-
ance use behaviour of the householders.
The archetypes technique of building physics modelling
method has been extensively utilised by many modellers
within the household energy domain. As such, a consider-
able number of publications have emerged in the literature.
The model of Parekh (2005) in Canada was developed
based on archetypes of dwelling characteristics in a bid to
simplify the analysis and evaluation of household energy
use. Another study from the United States of America
(USA) models space heating and cooling loads of the
USA housing stock (Huang and Broderick, 2000) for 16
diﬀerent regions using 16 multifamily and 45
single-family archetypes of dwellings. The outcome of this
study produced energy simulation results for space heating
and cooling loads for 16 diﬀerent dwelling archetypes for
the USA housing stock. The results were disaggregated in
a way that the contributions of thermal conductivity of
walls, roof, windows, and others could be seen.
In the study of Petersdorﬀ et al. (2006), three diﬀerent
archetypes of dwellings (terrace, small apartment, and
large apartment) were used when the European Union
(EU)-15 building stock was modelled. The study examines
and considers ﬁve standard dwellings and eight insulation
standards using the built environment analysis model.
The results produced the heating demand based on the
archetypes for 15 diﬀerent EU countries. Similarly in the
UK, the study of Johnston (2003) develops energy con-
sumption and carbon emissions for the UK housing stock
to represent diﬀerent types of dwellings. The model was
further disaggregated to include two types of dwellings
according to construction date (i.e. pre-1996 and
post-1996). This disaggregation hence reﬂects the entire
housing stock. Other studies that have utilised archetypes
approach for their models include Clarke et al. (2008),
Jenkins (2008), Gupta (2009), Firth et al. (2010),
Natarajan et al. (2011), Mhalas et al. (2013), etc.
In contrast to archetypes method, the application of
sample method as one of the techniques of building physics
modelling approach has been limited. This is likely due to
the huge amount of data requirement of the method. And
as such, not many studies have used the approach in the lit-
erature. Among these few studies are Shorrock and
Dunster (1997), Farahbakhsh et al. (1998), Larsen and
Nesbakken (2004), Boardman et al. (2005), and
Natarajan and Levermore (2007a). The Building Research
Establishment’s Housing Model for Energy Studies (BRE-
HOMES) (Shorrock and Dunster, 1997) developed in the
early 1990s used 1000 dwelling types (deﬁned by age group,
built form, tenure type and ownership of central heating) as
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sumption of UK housing stock is based. 8787 dwellings
(deﬁned by type, space heating fuels, vintage and province)
were used in Canada (Farahbakhsh et al., 1998) to provide
the Canadian residential energy end-use model (CREEM)
in a bid to test the eﬀect of diﬀerent strategies of carbon
reductions based on two standards.
The model developed by Larsen and Nesbakken (2004)
used 2013 dwellings to produce the model of household
energy consumption of the Norway’s housing stock. The
UK domestic carbon model (UKDCM) developed by the
Environmental Change Institute of Oxford University
(Boardman et al., 2005) made use of 20,000 dwelling types
using national statistics to produce the monthly HECCE.
The model produced three diﬀerent scenarios until 2050.
In concluding this section, the domestic energy and carbon
(DECarb) model (Natarajan and Levermore, 2007a) devel-
oped by the research unit for the Engineering and Design
of Environments, Department of Architecture and Civil
Engineering, University of Bath in 2007 used 8064 unique
combinations for six age bands of the UK housing stock
to produce the monthly energy consumption for the UK.
The next section carries out a review of speciﬁc notable
UK household consumption and CO2 emission models.4. A review of some notable UK household energy
consumption and CO2 emission models
As noted from Section 3 above, several models have
evolved over the years in the globe to estimate and forecast
the current and future trends of HECCE for housing stock.
Three approaches were identiﬁed under two categories of
top-down (econometric method) and bottom-up (building
physics and statistical methods). It is therefore imperative
to discuss in detail some of the notable HECCE models
that are speciﬁcally developed for the UK. Some of these
models include:Data sources
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Figure 2. BREHOMES model architecture (Ad The BREHOMES (Shorrock and Dunster, 1997;
Shorrock et al., 2005).
 The Johnston model (Johnston, 2003).
 The UKDCM (Boardman et al., 2005).
 The DECarb model (Natarajan and Levermore, 2007a).
 The Community Domestic Energy Model (CDEM)
(Firth et al., 2010).
 The Cambridge Housing Model (CHM) (Hughes, 2011;
Hughes and Palmer, 2012).
 The Domestic Dwelling Model (DDM) (Mhalas et al.,
2013).4.1. The building research establishment’s housing model for
energy studies
The BREHOMES as developed by Shorrock and
Dunster (1997) is seen as the earliest UK household energy
model that is based on the building physics method of the
bottom-up modelling approach (Section 3.2.2) to estimate
the HECCE of UK housing stock. The model is highly dis-
aggregated and used weighted average stock transforma-
tion method to convert over 18,000 households surveyed
to over 1000 diﬀerent dwelling types in a bid to build this
dwelling type proﬁle. The core calculation engine for the
model is based on the Building Research Establishment’s
Domestic Energy Model (BREDEM) in order to establish
energy use for dwellings. It needs to state that BREDEM
energy model accepts input on diﬀerent areas of dwelling
elements to include dwellings’ thermal characteristics, num-
ber of occupants or household size, internal and external
temperatures, solar gains, heating patterns, etc. The BRE-
HOMES model architecture as adapted from the work of
Shorrock and Dunster (1997) is shown in Fig. 2.
The output of the model produces the annual energy
consumption and carbon emissions at the national level
of aggregation. Two diﬀerent scenarios are explored byEDEM 
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Figure 3. Johnston’s model architecture (Adapted from Johnston, 2003).
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ence’ (business-as-usual) scenario, and (2) ‘Eﬃciency’ sce-
nario. The earlier version of this model as reported in
Shorrock and Dunster (1997) produces the output from a
base year of 1990–2020. However, a more recent version
of the model as reported in Shorrock et al. (2005) used a
base year of 1993 and extends the output trends till 2050.
The model has been extensively applied as a policy advice
tool for the Department for Environment, Food and Rural
Aﬀairs (DEFRA). However, the model is not transparent
as it is diﬃcult to replicate the study. Also, the model lacks
the capability of capturing qualitative data as input data
source as it is heavily reliant on highly disaggregated quan-
titative data source.4.2. The Johnston model
The Johnston model is another one of the notable
HECCE for the UK housing stock. As for BREHOMES,
it is also a model based on building physics technique of
bottom-up modelling approach. The Johnston model has
the capability of reﬂecting the diﬀerent types of dwellings
of the entire UK housing stock. However, the model basi-
cally disaggregated the overall housing stock into two by
using dwellings’ year of construction as the main criterion
for the disaggregation. Here, the entire UK housing stock
is represented in the model as (1) pre-1996, and (2)
post-1996. In like manner to BREHOMES, the model
adapted the BREDEM’s calculation algorithm for each
dwelling types in order to calculate energy and emissions
of these individual dwelling types. The architecture of
Johnston model is shown in Fig. 3 as adapted from
Johnston (2003).
The overall output of the model appropriately produces
the total annual energy consumption and carbon emissions
for the entire UK housing stock with 1996 as the base year
and this continues until 2050. This is in a bid to give the
previous, current, and then project into the future regard-
ing household consumption and emissions level. In order
to explore the eﬀects of changes to certain assumptions
(like uptake of new technology, trends in population,
energy usage changes, etc.) made in the model, three major
scenarios as typical applicability of the model wereproduced. The ﬁrst scenario termed the ‘business-as-usual
(BAU)’ looks at the current trends and projects these until
2050 with an assumption that there won’t be any further
action or intervention from government to reduce the emis-
sions. With these trends, the output of the scenario reveals
that about 33% of the emissions could be reduced by the
year 2050 when compared to the emission level of 1996,
which was used as the base year.
The second scenario termed the ‘demand side’ is based
on BAU and extends in order to incorporate some other
measures should new evidence regarding the climate
change, for example, emerge in the near future. This sce-
nario explores improvements in energy eﬃciency of the
demand side of household energy. The output of the model
predicted a 58% reduction in carbon emissions for this sce-
nario. Additionally, the third scenario termed the ‘inte-
grated’ scenario combines both the supply and demand
sides of the UK housing stock and explores their eﬀects
on carbon emissions of the entire housing stock. The
results show that about 74% reduction is achievable.
Johnston (2003) notes the limitations of the model. That
is the model suﬀers from usability and transparency as he
recommends transferring the model to a more suitable plat-
form. Regarding the application of the model, it is capable
of being used as a policy advice tool. However, the applica-
tion of the model has been limited to its developer alone.
Therefore, it has not been extensively used in practice.4.3. The UK domestic carbon model
The UKDCM model (Fig. 4) was developed by the
Environmental Change Institute of the Oxford University
in the year 2005 in order to explore and investigate how
60% reduction in carbon emissions could be achieved in
the UK housing sector. The model is based on building
physics. The model processes a huge amount of data that
include those obtained from the English Housing Condi-
tion Survey and its equivalents in Scotland and Northern
Ireland. Among the data input required by the model are
population ﬁgures, levels of insulation, eﬃciency of heating
equipment, etc. as contained in the 40% House report
(Boardman et al., 2005). The model contains highly disag-
gregated datasets for nine geographical areas, seven age
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dwellings. Additionally, the model has the capability to
process diﬀerent combinations of these datasets in order
to further sub-divide the dwellings based on tenure, con-
struction method and number of ﬂoors. In like manner as
the BREHOMES and Johnston models, the model made
use of the BREDEM calculation engine to estimate the
emissions of these dwellings. The structure of UKDCM
is shown in Fig. 4 as adapted from Boardman et al. (2005).
The output and temporal resolution of the model give
the monthly energy consumption and carbon emissions of
the UK housing stock. The model performed three diﬀerent
scenarios to explore the eﬀects of some policy formulations
regarding energy use. The scenarios tested are (a) BAU, (b)
44% emission reduction, and (c) 25% emission reduction
below 1990 levels. This model in general together with
the scenarios tested was improved upon by another version
of the model termed ‘UKDCM2’ (Hinnells et al., 2007).
According to Boardman (2007), this newer version was
used to prepare the Home Truths report, where the analysis
of diﬀerent scenarios regarding reduction in future carbon
emissions was conducted and explored. The scenario A of
this newer version represented a plausible scenario to
reﬂect what would happen should there be “a continuation
of current and near-terms trends, technologies, policies and
practices, with changes occurring slowly into the future”
(Hinnells et al., 2007). Scenario B updates the scenario B
of ‘40% House report’ and this now investigates the way
Government’s target of 60% emission reduction by the year
2050 could be achieved through the assumption that mem-
bers of the society now know more about the issue ofenergy use and carbon emissions with attendant technolog-
ical change and societal change to bring about reduction in
carbon emissions. On the other hand, Scenario C explores
how a further reduction in carbon emissions in excess of
60% could be achieved by assuming higher uptake of
renewable and other eﬃcient energy sources, additional
demolition and new build, etc. The model is being used
generally as a policy advice tool and it is freely available
over the internet.
4.4. The domestic energy and carbon model
The DECarb is another notable model of the HECCE
for the UK housing stock with the capability of mapping
diﬀerent technical and climate scenarios in order to gener-
ate future trends and options regarding consumption and
emissions. The model is an object oriented one that is cap-
able of running on any of the operating systems and it is
user friendly in terms of selecting input data. The model
is based on building physics approach. Fig. 5 shows the
structure of the model as adapted from the work of
Natarajan and Levermore (2007a). Similarly to other mod-
els in Sub-sections 4.1–4.3, DECarb model uses a highly
disaggregated housing stock approach that has unique
8064 combinations of six historical age classes of the UK
housing stock. Like other previous models discussed above,
DECarb made use of the BREDEM algorithm for the cal-
culation of consumption and emission proﬁles for individ-
ual dwellings in the model. There are six diﬀerent ﬁles for
the dataset with each to represent each of the six diﬀerent
age classes and this dataset consists of diﬀerent variables
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Figure 5. DECarb model architecture (Adapted from Natarajan and Levermore, 2007a).
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The model is then used to run future scenarios regarding
UK housing stock.
As the overall output, the model calculates the annual
energy consumption and carbon emissions in a bid to per-
form a forecast of their trends from the base year 1996 until
2050. Interestingly, the model has the capability of per-
forming a back-cast analysis from 1996 backwards. This
is embedded into the model in order to serve as a way of
validating the model. The model was then used to test cli-
mate change scenarios according to UKCIP02 in addition
to the BREHOMES, Johnston, and UKDCM scenarios.
For example, using the Johnston’s model scenarios, the
results suggest that it is unlikely to meet the target of up
to 50% reduction in carbon emissions for all these scenarios
run (Natarajan and Levermore, 2007b). As for other mod-
els discussed above, the model is being used as a policy
advice tool and readily available online as an open frame-
work. As noted above, the model is user friendly in select-
ing the input data; however, the mode of output data
presentation is poor as they are displayed in text ﬁle. This
then presents diﬃculty in reading the results of the model.4.5. The Community Domestic Energy Model
The CDEM is another notable model of energy con-
sumption and carbon emissions of the UK housing stock
that was developed by the Department of Civil and Build-
ing Engineering, Loughborough University in the year
2009 (Firth et al., 2010) based on building physics
approach. In like manner to other previous models above,
this model is highly disaggregated, but with 47 house arche-
types that are derived from unique combinations of built
form type and dwelling age. For house architecture calcu-
lation engine, the model requires input from many sources
to include English House Condition Survey (EHCS),
BREDEM-8 calculation engine, SAP rating, etc. (Fig. 6).
Regarding the core dwelling model, the main data
requirement comes from the BREDEM-8 calculation
engine, monthly average external temperatures and
monthly average solar radiation as obtainable from theMet Oﬃce. The output of the model produces monthly
energy consumption and carbon emissions of the whole
UK housing stock. Also, the model is capable of producing
output based on city or neighbourhood housing stock.
Apparently, the model failed to test any scenarios, instead
the model was used to estimate and predict energy con-
sumption and carbon emissions of the 2001 English hous-
ing stock alone.4.6. The Cambridge Housing Model
The CHM model was developed by the Cambridge
Architectural Research in a bid to forecast energy con-
sumption and carbon emissions for housing stock in Eng-
land, Scotland, Great Britain, and the UK in general. It
is another building physics-based bottom-up model that
uses the calculations formulated and established by SAP
2009 (BRE, 2011) and BREDEM engine (Shorrock and
Dunster, 1997) in order to perform all its internal calcula-
tions. The model has three basic data input components as
shown in Fig. 7 to include climate data, housing data, and
building physics data. For climate data input, the model
uses SAP’s monthly solar declination and regional latitude
data, BREDEM-8’s monthly/regional solar radiation data,
and monthly/regional year-speciﬁc wind speed and external
temperature data as taken from quite a number of diﬀerent
stations across the UK.
Regarding the housing data input, the main source here
is based on 16,670 dwellings as contained in English Hous-
ing Survey of 2010 (Palmer and Cooper, 2012) with an
adjustment to scale this up to reﬂect the UK housing stock.
However, the building physics data inputs are the direct
results of the calculations performed in SAP and BRE-
DEM. The model then reads in data for individual repre-
sentative dwelling in order to perform building physics
calculations. The CHM is one of the most transparent
models because the model is built and all its calculations
performed in Microsoft Excel.
The output of the model therefore gives the energy con-
sumption together with associated carbon emissions
according to fuel and end-use. These are presented for rep-
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Scotland housing stock, etc. as well as for the entire UK
housing stock. It is worthy of note that the output of this
model is one of the studies that made up the UK housing
fact ﬁle domicile in the Department of Energy and Climate
Change (DECC) (Palmer and Cooper, 2012).
4.7. The Domestic Dwelling Model
The DDM is a new approach being proposed by the
Technology Futures Institute of the Teesside University(Mhalas et al., 2013) to model energy consumption and
carbon emissions of dwellings and neighbourhood based
on visualisation. The model is highly disaggregated as it
estimates each dwelling independently within the neigh-
bourhood. The model uses the SAP/BREDEM energy cal-
culation engine. As input to the SAP core calculation
engine, the model utilises information from aerial and ter-
restrial imagery, digital maps, household surveys, census,
and ONS. As a ﬁrst step in the development of this
approach, models of the dwellings in the neighbourhood
are developed (Mhalas et al., 2013).
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culation of the models according to the SAP algorithms.
The carbon emission reduction capability of the dwelling
is hence quantiﬁed based on the existing characteristics of
the dwelling before using a decision support system to
implement the eﬀectiveness of energy improvement mea-
sures. This model is implemented on a GIS platform.
Fig. 8 shows the architecture of the model.
5. Critique of the notable UK housing stock energy models
and the need for paradigm shift
By considering the contribution of emissions from
domestic dwellings, it can be deduced from Section 4 that
considerable eﬀorts have been invested into energy models
for dwellings in the UK. One thing that is common and
central to all the reviewed models under Section 4 is that
they all share the same BREDEM algorithms in estimating
and forecasting energy consumption and carbon emissions.
BREDEM has been adjudged as a well-established method
to accurately predict UK dwelling energy consumption
(Natarajan et al., 2011) as it forecasts dwellings’ energy
consumption and carbon emissions at a highly disaggre-
gated level based on deterministic building physics. Addi-
tionally, domain of application of these models is
common as they are all applied as policy advice tools.
However, the models are varied in terms of their level of
disaggregation, resolution of output, output aggregation
level, scenario analysis performed, model validation, and
their availability to the members of public for scrutiny, as
shown in Table 1.
Unfortunately, these models have been criticised due to
a number of limitations in them. Firstly, all the models
have been criticised for their low level of transparency.
Kavgic et al. (2010) and Mhalas et al. (2013) argue that
the models’ transparency, in terms of the architecture and
data sources, is seen as one of the most essential issue
worth considering for future deployment of the models.
Regrettably, some of these models are not available tothe members of public; even those that are made available
to public contain little information about their structure
and operational details. As such, the models could not be
scrutinised as getting access to raw input data or the algo-
rithms used by the models has been a mirage for the major-
ity of them. This is because it is unclear on how the
relationships among the diﬀerent variables making up the
models are formulated and built up. Consequently, the out-
puts of these models are extremely diﬃcult to replicate.
Secondly, the models fail to take into consideration
the complex, interdependencies, and dynamic nature of
the issue of energy consumption and carbon emissions,
especially in households. This is because the modelling
approaches of these models are based on static and
deterministic method, which is classiﬁed as reductionist
paradigm that uses linear orientation to give the forecast
of a system, which; for example; is just for a particular
point in time. These models therefore work with particu-
lar sets of data inputs in a bid to produce particular sets
of outputs that have little or no room to accommodate
uncertainty in input datasets. This is because the
approaches for the models are hinged on the notion that
exact relationships exist between the variables in the
models without uncertainty. For example, some of them
employ the use of simple regression analysis that relies
on historical data. Here, the future trends are predicted
based on the historical data without putting into consid-
eration any undesirable or chaotic events that may occur
in the near future.
Thirdly, the importance of occupants-dwelling interac-
tion cannot be over emphasised regarding energy consump-
tion in homes. Therefore, special attention needs to be
accorded to this aspect as well. This is evidenced from
the assertion made on the report of the
Inter-governmental Panel on Climate Change (IPCC) mit-
igation (IPCC, 2007) that “occupant behaviour, culture and
consumer choice and use of technologies are also major
determinants of energy use in buildings and play a fundamen-
tal role in determining carbon emissions”. Conversely, IPCC
Table 1
Comparative analysis of notable UK energy models.
Characteristics Developer Year Calculation model
embedded
Output resolution Disaggregation level Scenario analysis Data output
aggregation level
Validation with
historical data
Application Availability
Models
BREHOMES Building Research
Establishment
(BRE)
Early
1990s
BREDEM-12 Annual energy
consumption
1000 dwelling types
used based on age
group, tenure type,
etc.
Two scenarios until 2020:
(a) Reference
(b) Eﬃciency
National Extensive Policy advice
tool
Available to
the developer
only
Johnston Johnston’s PhD
Thesis at Leeds
University
2003 Modiﬁed version of
BREDEM-9
Annual energy
consumption and
carbon emissions
Two dwelling types
separated into pre-
and post-1996
Three scenarios until 2050:
(a) Business-as-usual
(b) Demand
(c) Integrated
National Comparison with
historical data from
the BRE Domestic
Energy Fact File
Policy advice
tool
Available to
the developer
only
UKDCM Environmental
Change Institute
(ECI), Oxford
University
2006 BREDEM-8 Monthly energy
consumption and
carbon emissions
20,000 dwelling
types by 2050
Three scenarios until 2050:
(a) Business-as-usual
(b) 44% emission
reduction
(c) 25% emission reduc-
tion below 1990 levels
National Validated with
regional historical
data provided by
BERR
Policy advice
tool
Open
DECarb Research Unit for
the Engineering and
Design of
Environments,
Department of
Architecture and
Civil Engineering,
University of Bath
2007 BREDEM-8 Monthly energy
consumption
8064 unique
combinations of six
age bands of
diﬀerent dwelling
types
(a) UKIPO2 scenarios
(b) BREHOMES
scenarios
(c) Johnston scenarios
(d) UKDCM scenarios
(e) Back-cast scenario
(1970–1996)
National Validated with
historical data
provided by BERR
and BRE Domestic
Energy Fact File
Policy advice
tool
Open
CDEM Department of Civil
and Building
Engineering,
Loughborough
University
2009 BREDEM-8 Monthly energy
consumption and
carbon emissions
47 dwelling
archetypes based on
unique
combinations of age
band and dwelling
built form types
A scenario to predict 2001 housing
stock
National, City,
Neighbourhood
Validated with 2001
DEFRA aggregate
ﬁgure of domestic
space heating
consumption
Policy advice
tool
Open
CHM Cambridge
Architectural
Research, University
of Cambridge
2010 BREDEM-8 and SAP
2009
Annual energy
consumption and
carbon emissions
16,670 dwelling
types
Conducted sensitivity analysis for
the 15 most sensitive parameters in
the model
National, Regional Extensive Policy advice
tool
Open
DDM Technology Futures
Institute, Teesside
University
2013 BREDEM-8 and SAP
2009
Annual energy
consumption and
carbon emissions
756 dwelling types Illustrative scenarios of
(a) Fabric change
(b) Solar PV
(c) l-CHP
(d) Condensing boiler
(e) ASHP (Under-ﬂoor)
(f) ASHP (radiator)
Individual,
Neighbourhood
Validated with
energy performance
certiﬁcate of some
social housing
dwellings in
Middlesbrough
Policy advice
tool
Available to
the developer
only
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to show that these determinants are being incorporated
into energy models. While it is evident that BREDEM,
for example, incorporates some degrees of occupants’
aspect like number of occupants into their model,
Natarajan et al. (2011) conﬁrm that the behavioural aspect
has been limited and not explicitly considered.
Fourthly, it is evident that the issue of energy and
carbon emissions remains increasingly complex and diﬃ-
cult to manage. This is due to the fact that quite a num-
ber of issues regarding energy sector of the economy are
evolving on a daily basis. For example, in order to accu-
rately predict and forecast energy consumption and car-
bon emissions, energy sector would undoubtedly
interact with other sectors like economic and environ-
ment sectors and the host of others. These sectors are
diﬃcult to manage on their own merit. However, dynam-
ically integrating these external sectors to energy sector
further compounds the problem of household energy
issues. As such, all the models reviewed in Section 4 have
not demonstrated enough capacity to dynamically
accommodate additional systems that utilise both the
quantitative and qualitative data inputs and where some
variables may interact in a non-linear way. This then
portends to mean that the models are profoundly limited
for their lack of ability to incorporate the feedback from
these external sectors.
From the forgoing, it is apparent that there is the
need to look both inwardly and outwardly for sophisti-
cated modelling approaches capable of dealing with the
limitations above and then model the kind of complexity
and challenges that are facing the HECCE. This may
mean to further broaden the scope and level of interac-
tion of diﬀerent HECCE drivers and the capacity to
expand this should the need arise in the near future. In
order to further reinforce this, several researchers
advocate and propose the use of the STS as an approach
to model this complexity due to high inter-dependencies,
chaotic and non-linearity of the variables involved, such
as: Hitchcock, 1993; Kohler and Hassler, 2002;
Shipworth, 2005; Shipworth, 2006; Motawa and Banﬁll,
2010. It needs to be emphasised that STS is one of the
methodologies of the systems-based approach of scientiﬁc
inquiry. This methodology has previously been used as
an approach to model the complexity of real systems’
elements and relationships. Modelling complexity enables
capturing the interdependent and multi-causal correlation
structure of the elements of STS and determining the
eﬃcacy of diﬀerent change strategies. This helps in
analysing the non-linear behaviour of the studied systems
where changes in input are neither proportional to
changes in output, nor is the input to output relationship
ﬁxed over time. This paper then advocates the use of
the STS approach to model HECCE. The theoretical
backgrounds and the modelling techniques for the STS
are covered somewhere else (Oladokun, 2014) because
it is beyond the scope of this paper.6. Conclusion
This paper has shown that there is a wide range of
frameworks that previous studies have formulated to con-
ceptualise the issue of energy consumption and carbon
emissions, which are now serving as the theoretical back-
grounds underpinning energy models. They therefore prin-
cipally fall within two major domains: disciplinary and
integrated frameworks. Disciplinary framework focuses
on how individual disciplines illustrate the approach to
solving energy and carbon emission problems by formulat-
ing a framework. For example, engineering approach looks
at the technology of energy consumption and carbon emis-
sions. On the hand, integrated framework uses a holistic
approach to combine a number of disciplines together
and provide a framework capable of shaping the issue of
energy consumption and carbon emissions based on the
limitations of disciplinary framework.
Further to this, the paper has demonstrated that quite a
number of energy and carbon emission models have
evolved over the years with the capability of forecasting
and estimating energy consumption and carbon emissions,
especially in the domestic sector of the economy. These
models are found to vary considerably based on the levels
of disaggregation, complexity, resolution of output, output
aggregation levels, scenario analysis performed, model val-
idation, and their availability to the members of public for
scrutiny, using basically two major epistemic approaches
that include: top-down or bottom-up approaches. The
top-down techniques (mainly econometric method) rely
on the kind of interaction subsisting between the energy
sector and the economy in general at aggregated level in
order to predict and forecast the behaviour of energy con-
sumption and carbon emissions, especially at the house-
hold level, when some changes are made to the policy
parameters within such models. On the other hand,
bottom-up techniques (building physics and statistical
methods) mainly focus on only the energy sector utilising
a disaggregated approach of either statistical or building
physics method that contains a high level of details to
model energy consumption and carbon emissions, espe-
cially at household level.
After a careful appraisal of the existing modelling
approaches, the paper concludes that there are a number
of limitations in the existing modelling techniques. These
are (1) lack of transparency in the model algorithms, (2)
inability to account for the complex, interdependencies,
and dynamic nature of the issue of energy consumption
and carbon emissions, (3) limited evidence to show for
the occupants-dwelling interactions, and (4) lack of enough
capacity to accommodate qualitative data input. And as
such, there is the need to scout for more robust and sophis-
ticated modelling approaches that take into consideration
the kind of complexity involved and bedevilling the issue
of HECCE due to high inter-dependencies, chaotic,
non-linearity, and qualitative nature of some of the vari-
ables involved.
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